INTRODUCTION {#S1}
============

Antibiotic-associated diarrhea (AAD) is defined as diarrhea that occurs in relation to the administration of antibiotics \[[@ref1]\] and that is not explained by other causes, must be clinically significant and have more than 3 liquid stools per day \[[@ref2]\]. Its frequency oscillates between 5% and 25% of patients and varies depending on the type of antibiotic administered, 5-10% with ampicillin, 15-20% with cefixime and 10-25% with amoxicillin-clavulanic acid \[[@ref1]\].

The AAD is produced mainly by three mechanisms \[[@ref3]\]: Selection or overgrowth of enteropathogenic bacteria, by the suppression of the endogenous intestinal flora that alters the metabolism of bile acids and of non-absorbed carbohydrates and due to the direct pharmacological effect of antibiotics.

Amoxicillin-clavulanic acid is one of the most widely used antibiotics and one of the most frequent causes of AAD and other gastrointestinal disorders \[[@ref4], [@ref5]\].

Probiotics help to maintain the balance of the intestinal microbiota and they have been used for many years for the treatment and prevention of AAD \[[@ref6]-[@ref11]\].

The objective of this pilot study is to analyze the effect and safety of a specific combination of probiotic strains, Pearls IC© on the prevention and evolution of diarrhea associated with amoxicillin-clavulanic acid.

PATIENTS AND METHODS {#S2}
====================

Pilot, randomized, double-blind, placebo-controlled study involving patients over 18 years of both sexes who had signed informed consent and who had been prescribed amoxicillin-clavulanic acid for 7 days at a dose of 850mg / 125mg every 8 hours. It was not allowed the inclusion in the study of patients with other gastrointestinal pathologies, with hypersensitivity to any of the study products, in treatment with other medications that could alter the results of the study, or if they were taking laxatives, suffering a process that would condition the occurrence of diarrhea or being pregnant.

One group was given Pearls IC^©^ from the beginning of the antibiotic treatment until completing 30 days at a dose of 1 capsule per day and placebo the other one. Pearls IC^©^ is a probiotic from Schwabe Farma Ibérica that contains a combination of six strains: *Lactobacillus acidophilus* NCFM, *Lactobacillus rhamnosus* Lr-32, *Bifidobacterium breve* M-16V, *Bifidobacterum longum* BB536, *Bifidobacterium lactis* BI-04 and *Bifidobacterium bifidum* Bb-02, with 10^9^ colony forming units per capsule.

The study was carried out in the Emergency Department of the Hospital Universitari Dexeus-Quirónsalud Group of Barcelona and was previously approved by the Center's Ethical Committee.

The number of daily stools and values of the stool scale Bristol Stool Form (BSS) were analyzed (from 1-7 according to the consistency) and recorded in the diary provided to the patient at visit 1. For the evaluation of diarrhea (presence or absence), the day of occurrence of the first diarrheal event and the number of days with diarrheal episodes, four criteria for assessment were used: score above 5 in the BSS after the 3rd day of antibiotic treatment, 3 or more stools from a previous value after the 3rd day of antibiotic treatment, presence of one or the other and the combination of one and the other.

Quality of life was assessed through the modified Quality of intestinal life GIQLI questionnaire in visit 1 and visit 30 (end of the study), the questions were grouped into five areas for evaluation separately: Symptoms, Emotional, Physical, Treatment and Social. The characteristics of the product were evaluated through a subjective questionnaire, completed by the patient at the final visit (T30). The safety of the product was evaluated through the monitoring of the adverse effects.

For the statistical analysis we used the software SPSS version 23 and the free software R version 3.3.2 (2016-10-31) "Sincere Pumpkin Patch" Copyright (C) 2016.

For the estimation of the sample size it was considered that the prevalence of the effect of the antibiotic in the stools was 75% and an expected reduction with the probiotic was 35%, so for a power of 80 % and a confidence of 95% a sample size of 40 patients was estimated.

RESULTS {#S3}
=======

Between January and April 2018, 40 patients were recruited who met the inclusion criteria, 4 of whom were lost to follow-up. Of the 36 remaining patients, 18 were assigned to the Pearls IC^©^ group and 18 to the placebo one. There was a predominance of women over men homogeneously in both arms, in total 25 women (13 with probiotics and 12 with placebo) over 11 men (5 vs 6, respectively). The mean age and age range of the patients included in the group treated with Pearls IC^©^ was 40.72 (19-65) and in the placebo group of 36.83 (19-62).

It was found that the probiotic was able to delay the occurrence of diarrhea in a statistically significant and consistent manner over three days using the four endpoints ([table 1](#T1){ref-type="table"}). Using the most demanding criterion (stool consistency criterion and the number of stools) Pearls IC^©^ delayed the appearance of diarrhea in 5.39 days (p = 0.002). On the other hand, no statistically significant differences were found between the two treatment arms in terms of the percentage of diarrhea occurrence or in relation to the number of days with diarrhea, although there was a tendency towards a lower number of daily stools without statistical significance ([figure 1](#F1){ref-type="fig"}).

###### 

Effect of Pearls IC© over diarrhea using the four endpoints: consistency, number of stools, consistency and/or number of stools.

  ------------------------------------------------------ ---------------- ------------- ------------ ----------------- ---------
  Diarrhea onset day^[a](#TF1-1){ref-type="fn"}^         Pearls IC©       Placebo       Difference   Mann-Whitney      P value
  Consistency (1)                                        7.55             4.44          3.10         78.5              0.010\*
  Depositions, n (2)                                     9.17             3.00          6.17         27.4              0.008\*
  \(1\) or (2)                                           8.25             4.44          3.81         87.5              0.006\*
  \(1\) and (2)                                          9.83             4.44          5.39         93.5              0.002\*
  Diarrhea^[b](#TF1-2){ref-type="fn"}^                   Pearls IC© (n)   Placebo (n)   Odds ratio   IC 95%            
  Consistency (1)                                        61.1% (11)       50% (9)       1.57         (0.42; 5.90) NS   
  Depositions, n (2)                                     33.3% (6)        27.8% (5)     1.3          (0.31; 5.39) NS   
  \(1\) or (2)                                           66.7% (12)       50.0% (9)     2            (0.52; 7.69) NS   
  \(1\) and (2)                                          27.8% (5)        27.8% (5)     1            (0.23; 4.30) NS   
  Nº of days with diarrhea^[b](#TF1-2){ref-type="fn"}^   Pearls IC©       Placebo       Diferencia   Mann-Whitney      P value
  Consistency (1)                                        3.50             2.17          1.33         191.5             0.16
  Depositions, n (2)                                     0.78             2.17          -1.39        164.5             0.45
  \(1\) or (2)                                           3.56             3.44          0.11         190.5             0.17
  \(1\) and (2)                                          0.72             0.89          -0.17        158.5             0.43
  ------------------------------------------------------ ---------------- ------------- ------------ ----------------- ---------

^a^The probiotic delays the onset of diarrhea compared with placebo in more than 3 days, in a statistically significant way (\*)

^b^No statistically significant differences were found in the percentage of patients with diarrhea and the average number of daily stools between the two treatment groups.

![Average number of daily stools, where a tendency to a lower mean is observed in the arm treated with the probiotic.](revespquimioter-32-268-g001){#F1}

In relation to the quality of life assessment, there was no differences between arms at the end of the study (improvements of 4.2 points for Pearls IC^©^ and 5.03 for placebo, p= ns). The improvements were greater with the probiotic than in the placebo arm in the Symptoms area (0.05 vs 0.03) and in the Emotional one (0.13 vs 0.03), although it was not reached statistical significance.

The subjective evaluations found that 45% of the probiotic evaluations were clearly positive compared to 33% in the case of the group treated with placebo, which included 11% with a very negative assessment ([figure 2](#F2){ref-type="fig"}). No adverse effects were registered in either of the two treatment arms.

![Subjective ratings showed a higher percentage of patients with a positive rating than in the placebo arm.](revespquimioter-32-268-g002){#F2}

DISCUSSION {#S4}
==========

Probiotics are live microorganisms that are able to reach the intestinal mucosa in sufficient quantity to confer benefits to the host, as they help maintain normal intestinal flora and reduce the colonization of pathogenic organisms by competitive inhibition of epithelial and mucosal adhesion \[[@ref12]\]. It has been shown to secrete acetic and lactic acids that lower intraluminal pH and inhibit the growth of some pathogens, including enterohemorrhagic *Escherichia coli* \[[@ref13]-[@ref15]\]. Probiotics can also inhibit the growth of other pathogenic bacteria through the production of antimicrobial molecules, including shortchain fatty acids, bacteriocins and microcines \[[@ref15]\], in addition to their immunomodulatory effect that can counteract the proinflammatory effect of pathogenic bacteria \[[@ref16]\].

In view of the lack of clinical evidence demonstrating the beneficial effect of the administration of probiotics during antibiotic treatment, this study was carried out with a specific combination of 6 strains, Pearls IC^©^, to analyze its effect on the AAD. To this end, amoxicillin-clavulanic acid was selected because of its wide use and because diarrhea is one of its most frequent adverse effects, around 20% \[[@ref4]\] and patients were included who were to receive this antibiotic for at least a week, without taking into account the site of the infection and was compared with masked placebo.

One of the limitations of the study, besides it was a pilot study, is the small sample size, only 18 patients in each treatment group, which has not allowed to show differences compared to the group treated with placebo in some of the variables studied.

Four definitions of diarrhea were included, in order to achieve a greater objectivity in the assessment, including the combination of the consistency of feces and the number of stools. This criterion showed a delay of more than 5 days in the beginning of diarrhea vs the placebo treatment arm showing statistical significance, although a reduction in the percentage of patients who developed diarrhea could not be demonstrated, at least during the period of the 30 days of the study. A tendency to a lower number of daily stools could be seen in the group treated with the probiotic compared to placebo, although without statistical significance, probably due to the small sample size.

Regarding the quality of life, there were no significant differences between the two groups, although there was a tendency towards greater improvement in the areas of Symptoms and Emotional in favor of the probiotic, as well as in the subjective assessment, which favored the treatment with Pearls IC^©^, which was better valued. Regarding safety, no adverse events were reported in any of the two arms, which confirms the safety of the product.

As conclusions, Pearls IC^©^ significantly delayed the first diarrheic episode between 4 and 5 days compared to placebo and showed a tendency to decrease the number of daily stools compared with placebo, although not statistically significant, improved quality of life and specifically some areas and subjective assessment by patients was favorable compared to placebo, so that Pearls IC^©^ seems to have a beneficial effect on the imbalance of intestinal flora induced by antibiotics, which should be demonstrated in studies with larger sample size.

The results of this study have been presented in poster format in the congress of the SEPYP (Probiotic and Prebiotic Spanish Society) that was held in Las Palmas, February 6-8, 2019.
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